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Abstract 
 
Due to human activities, global scale pollution of the environment has increased significantly in the last two 
centuries. In the last decades, it was acknowledged that population health is strictly connected with environment quality. 
As the influence of anthropogenic factors on water sources quality increased, the water quality assessment has a role 
that’s become more and more important. Laboratory for Environment Analysis (LAM) from Research Institute for 
Analytical Instrumentation is accredited according to the SR EN ISO/CEI 17025:2005, by Romanian Accreditation 
Association and has all the required resourced for quality analysis of environmental samples. Analytical techniques 
used in the Laboratory for Environment Analysis for water quality determination are: Gas Chromatography, Liquid 
Chromatography, Ion Chromatography, Flame or Furnace Atomic Absorption Spectrometry, Inductively Coupled 
Optical Emission Spectrometry, UV/VIS Spectrophotometry, pHmetry, Potentiometry, Conductometry, Titrimetry and 
Gravimetry.  
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1.Introduction 
 
Environmental pollution consists in the 
alteration of the environment factors and originates 
from natural sources (floods, volcanic eruption, 
powerful storms and fires) or anthropogenic sources 
(industrial and agricultural activities). 
The main causes for anthropogenic 
pollution are the chaotic use of natural reserves; 
accumulation of non-usable substances, production  
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 of new substances, for which consumption and 
recycle rate is inferior to production rate; high 
demographic growth, especially in the last two 
centuries; intense industrial development; 
transportation and agriculture; development of 
overpopulated cities [1]. Water pollution is a 
complex process which leads to changes in 
water composition, aquatic flora and fauna 
damage, and may lead to an inappropriate water 
quality state for economical or recreational use, 
being dangerous for human health. 
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Water pollution with organic substances is 
due to domestic wastewaters, cellulose, paper and 
food industry sewages and agriculture. In the waters 
the waste is degraded by bacteria, thus, a high 
amount of organic waste determines high bacterial 
growth that use oxygen and further cause death of 
fish and other aquatic life forms. Pollution with 
toxic substances originates from industrial sources 
and especially from chemical, mining and smelting 
industry. One of main problem for this type of 
pollution is the high toxicity of these wastes. 
Pollution with nutrients (nitrates, phosphates) 
causes the eutrophication of waters due to the 
increase the algae population, which decomposes 
quickly, using high amounts of oxygen [2, 3]. 
Due to the increasing influence of the 
anthropogenic factors on the water sources, water 
quality assessment has a great importance. 
 
2.Methods and techniques applied in LAM 
 
The Research Institute for Analytical 
Instrumentation, ICIA, was established 20 years ago, 
having as its main object of activity the research, design 
and realization of analytical laboratory instruments, as 
well as the elaboration of analytical methods for a large 
range of samples types. Together with the development 
of the Institute and following the requests on expertise in 
various fields, these preoccupations have extended 
towards programs on environment, health, technological 
modernizations and clean technologies. 
The Institute holds a remarkable endowment that 
corresponds to the multidisciplinary character of 
research, design and specific execution of its working 
teams. The Institute has several research laboratories in 
chemistry, analytical chemistry, spectroscopy as well as 
design, mechanic and electronic execution workshops. 
This structure allows the tackling of a project on the 
whole, from the research stage up to the prototype 
elaboration stage. The institute have implemented and 
certified Quality System for the whole ICIA activity, 
according to ISO 9001:2000. 
The activity directions of the Institute are:  
• Research-design in the following fields: 
environments, health, clean technologies, bio-
energy, biomass, spectrometry and analytical 
instrumentation.  
• Technology Transfer aiming to consolidate and 
development, of a national network of technology 
centers in the fields of environment, medical 
instrumentation, alimentation and 
nonconventional energies, aiming at both the 
valorification of the R&D results in the above 
mentioned fields and at the long term socio-
economic development of the country, by 
strengthening the SMEs segment;  
• Chemical Analyses in the Laboratory for 
Environmental Analyses, which was accredited 
with SR EN ISO/CEI 17025:2005 reference by 
the Romanian Accreditation Association 
(RENAR). In the Laboratory, one has 
implemented the documents of the Quality 
System, according to the SR EN ISO/CEI 
17025:2001 referential. The Laboratory possesses 
all the necessary resources for performing quality 
analyses: climatized rooms, measurement 
instruments and equipments that are metrological 
tested and calibrated; quality reagents; quality 
assurance methods for the analysis results; highly 
qualified and experienced personnel in the field 
of environmental analyses.  
In the laboratory the following parameters are 
determined from water, air, soil and vegetable samples:  
• Anorganics Ammonia nitrogen, Nitrates, 
Nitrites, Total nitrogen, Bromides, Cyanides, 
Chlorides, Fluorides, Phosphates Total 
Phosphorus, Sulfates, Sulfurs, Sulfocyanides, 
Arsenic, Boron, Metals (Cadmium, Mercury, 
Lead, Iron, Total Chromium, Hexavalent 
Chromium, Nickel, Copper, Zinc, Selenium, 
Tin, Antimony, Aluminum, Barium, Beryllium, 
Bismuth, Calcium, Cobalt, Lithium, Magnesium, 
Molybdenum, Potassium, Silica, Silver, Sodium, 
Strontium, Titan, Vanadium, Zirconium).  
• Organics Total Organic Carbon (TOC), Volatile 
Organic Compounds (VOC), Total Hydrocarbon 
Content, Volatile Hydrocarbons, Polycyclic 
Aromatic Hydrocarbons (PAHs), Phenols, 
Chlorophenols, Chlorobenzenes, Absorbable 
Organic Halides (AOX), Volatile Halogenated 
Aliphatic Hydrocarbons, Polychlorinated 
Biphenyls (PCB), Organochlorine Pesticides.  
• Generals Acidity, Akalinity, pH, Conductivity, 
CBO5, CCO-Cr, CCO-Mn, Anionic Detergents, 
Hardness, Suspended Matters, Dissolved 
Oxygen, Petroleum Products, Total solids dried 
at 105oC, Sedimentable Solids, Petroleum ether-
extractable substances.  
Analytical techniques used in the Laboratory for 
Environment Analysis for water quality determination 
are: Ion Chromatography (IC), Flame Atomic 
Absorption Spectrometry (FAAS) , Graphite Furnace 
Atomic Absorption Spectrometry (GFAAS), Inductively 
Coupled Plasma Optical Emission Spectrometry 
(ICPOES), Inductively Coupled Plasma Mass 
Spectrometry (ICPMS), Atomic Fluorescence 
Spectrometry (AFS), Ultraviolet and visible  
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spectrophotometry, Fourier Transform Infrared 
Spectrometry, pH-metry, potentiometry, conductometry, 
titrimetry, gravimetry, Gas Chromatography with Flame 
Ionization Detector, Electron Capture Detector, Thermal 
Conductivity detector and Mass Spectrometry.For the 
determination of metals in water samples the institute has 
two Atomic Emission Spectrometers with Inductively 
Coupled Plasma and one Inductively Coupled Plasma Mass 
Spectrometer.Both ICPOES and ICPMS techniques use 
inductively coupled plasma as source but different 
analytical principles lead to different analytical 
performances. Approximately 70 elements form the 
periodic table can be analyzed using ICPOES technique. 
Inductively Coupled Plasma Mass spectrometry has even 
better performance than ICPOES, in multielement analysis 
and ETAAS regarding detection limits.  
 
 
 
Wide dynamic domain (7 orders of magnitude for 
ICPOES and 9 orders of magnitude for ICPMS) make these 
methods suitable for determining concentration on various 
domains, of trace and ultra trace levels [4-6].In the 
laboratory, the microwave acid digestion is performed in 
order to determine the trace and ultratrace elements in a wide 
variety of environmental samples. The instruments utilized 
are: microwave digestion systems OY Analytical (Texas, 
USA) and Berghoff (Germany) with 12 Teflon vessels and 
pressure control device. The advantages of microwave 
digestions on classical digestions are: reduced analysis time, 
reduced sample and reagents volumes, volatile elements are 
retained in the system, reduced corrosion equipment, lower 
detection limits and sensitivity, process safety enhancement 
[7, 8].The characteristics and performances and of the most 
used atomic spectrometric methods are presented in table 1. 
 
 
Table 1. Comparison of the various atomic spectroscopy techniques 
Criterion FAAS GFAAS ICP-OES ICP-MS 
Detection limits ppb-ppm ppb ppb-ppm ppt 
Analitical capability  single element single element multielement multielement 
Sample throughput 3-10 sec/ 
element/sample 
2-3 min/ 
element/sample 
1-5 min/sample 1-4 min/sample 
Precision 
♦ Short-term 
♦ Long-term 
 
♦ 0,1-1% 
♦ 1-2% 
 
♦ 0,5-5% 
♦ 1-10% 
 
♦ 0,1-2% 
♦ 1-5% 
 
♦ 0,5-2% 
♦ 3-4% 
Interferences 
♦ spectral 
♦ chemical 
♦ phisical 
 
♦ few 
♦ many 
♦ some 
 
♦ very few 
♦ many 
♦ very few 
 
♦ some 
♦ very few 
♦ some 
 
♦ few 
♦ some 
♦ some 
Elements applicable to >60 >50 >70 >80 
Sample volume required 4-8 mL/min 0,2-1 mL 1-2 mL/min 0,02-2 mL/min 
Semiquantitative analysis no no yes yes 
Isotopic analysis no no no yes 
Easy to use very easy more difficult easy more difficult 
Initial costs low med hight very hight 
Operating costs low hight med hight 
Cost per sample low med low med 
 
 
ICPOES is generally superior in accuracy, 
precision, free from interferences and dynamic range to 
other analytical instrumentation. A multi-elemental 
solution can be analyzed in 1 min therefore; large 
volumes of data can be generated very fast. ICPMS 
offers much advantages than the other techniques, 
including two of its most attractive features — the rapid 
multielement capabilities of ICPOES, combined with the 
detection limits of GFAAS [9-12].   
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Strengths of the ICP-MS technique include: Wide 
elemental coverage - virtually all elements can be 
measured by ICP-MS, including alkali and alkaline earth 
elements, transition and other metals, metalloids, rare 
earth elements, most of the halogens and some of the 
non-metals; high sensitivity and low background signals 
combined give very low detection limits, fast analysis 
times [13]. 
The cost of instrumentation, operation, and 
maintenance for ICP-MS are generally higher than those 
for ICP-OES, leading to higher cost per determination. 
At the international level, there are two standards 
than describe ICP-AES and ICP-MS techniques for 
water: ISO 11885:1996 which describes determination 
of 32 elements from water using ICP-AES and ISO 
17924:2003 – Water Quality, ICP-MS Application, Part 
2: determination of 62 elements. 
In the literature there are a high number of 
applications for these analytical techniques, including 
their coupling with other techniques for chemical 
speciation. Preparation and pre-concentration methods 
for samples with low metal concentrations that are below 
detection limit with normal setup are presented in a high 
number of papers [14-16]. 
In the last years, there is a special focus in 
analyzing micro samples by ICPOES and ICPMS. 
Tolodi and Mermet [17] studied the influence of 
modifications in the sample introduction system. 
Microsamples can be introduced in the plasma in two 
ways: (a) continuously as aerosols with a 100 µL/min 
flow and (b) discontinuously by electrothermal 
vaporization of a small sample fragment, followed by 
transportation into the plasma. 
Other method for lowering the detection limit is 
the preconcentration of water samples on a cartridge 
which retain the analyte, that can be eluted in a lower 
volume of eluent (HNO3 1M) [18-20]. 
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